The 5-year multilevel epidemiological IDEFICS (Identification and prevention of dietary-and lifestyle-induced health effects in children and infants) study, launched under the Sixth Framework Programme of the European Commission, aims at counteracting the epidemic of dietary-and lifestyle-induced adverse health effects in children. To reveal possible links between overweight/obesity in childhood with taste sensitivity and taste preferences, special procedures were developed for application at the European level. This paper presents these newly developed procedures. Methods: Testing procedures to assess taste sensitivity for sucrose, sodium chloride, caffeine and monosodium glutamate and taste preferences for sweet, flavour, salty, fatty and umami tastes were developed with 191 children from nursery schools and preschools in northern Germany. To assess test-retest reliability, Cohen's kappa was calculated. Results: The study shows that it is possible to assess taste sensitivity and taste preferences even in young children, provided the framework of the procedures applied is adapted to this scenario. Test-retest reliability was calculated for the procedures applied and the results show that they are very reliable for assessing taste preferences and taste sensitivity in young children. Conclusion: It is possible to assess taste sensitivity and taste preferences even in young children, provided the methods applied are adapted to the special requirements that working with young children entail.
Introduction
A high prevalence of overweight and obesity among children and adolescents has been observed in many countries worldwide. Recent studies indicate that approximately 20% of schoolchildren in specific European countries are overweight, of whom 5% are obese. 1 The IDEFICS (Identification and prevention of dietary-and lifestyle-induced health effects in children and infants) study, a 5-year multilevel epidemiological study launched under the European Commission's Sixth Framework Programme, aims at counteracting the epidemic of dietary-and lifestyle-induced diseases in children. 2 Part of the holistic IDEFICS study was targeted at assessing sensory perception in children across Europe, in order to reveal possible links to obesity and interplay with genetic factors. 2 Procedures to measure taste sensitivity and taste preferences in children and infants therefore needed to be developed. This paper presents the newly developed methods for assessing taste preferences and taste sensitivity in young children.
To date, children's sensory perception, including taste sensitivity and taste preference, has not been reviewed in detail in the literature. This is mainly because of a lack of appropriate methods. The European International Organization for Standardization norms or national norms, such as the DIN (German Institute for Standardization) in Germany, are designed for studies conducted on adults. However, children cannot be tested with these conventional procedures because of their weak cognitive skills with regard to sensory testing. 3 Previous studies have shown that it may be possible to test even young children, provided the procedures applied take into consideration the child's cognitive abilities. 4, 5 According to Piaget's states of cognitive development, children aged between 2 and 7 years have the status 'preoperational'. 6, 7 On the basis of this model, there are four obstacles to be considered. The first one is how to attract and motivate children to participate in and complete the full test procedure. The second challenge is how to address their short attention span and hence their high level of distractibility. Consequently, sensory tests have to be short in time. [8] [9] [10] Limited logical thinking abilities and resulting difficulties in task comprehension are the third challenge.
The procedure therefore has to be easily understandable even for small children. A fourth criterion to be taken into account is children's decision-making process. At this age, children's decisions are influenced by adults' approval; they tend to respond affirmatively to positively phrased questions and to repeat adults' statements. 6, 11 In addition, it is evident that children often only focus on one attribute of food at a time; for example, appearance or taste. They are unable to consider all sensory aspects of a food sample when making a judgement. 7 To conduct sensory tests at the European level, it is necessary to ensure that all testing materials, such as tastants, food samples or even the water used for the preparation of test solutions, show the same quality in order to obtain comparable results.
Subjects and methods

Subjects
The methods described were developed in a group of 191 children aged between 3 and 10 years from nursery schools, preschools and primary schools in northern Germany. The gender distribution was well balanced with 54% boys and 46% girls. To assess test-retest reliability for the threshold test procedure, a subsample of 40 randomly selected children, consisting of 22 boys and 18 girls between 5 and 7 years of age, participated in a second session on a consecutive morning. To assess stability of the preference testing procedure, 20 children, consisting of 10 boys and 10 girls in the age group of 4 to 7 years, repeated the test on a consecutive morning.
Both tests for taste preference and taste thresholds were conducted as part of the IDEFICS Baseline Survey in 2007-2008 in Europe. 12 Detection threshold test As a measure of taste sensitivity, we decided on the detection threshold representing the lowest value of a stimulus that must be exceeded in order for the stimulus to have any effect on the observer. 13, 14 Threshold tests were arranged as a board game ( Figure 1) . A row of five test solutions in order of increasing concentrations of stimuli for each assessed basic taste modality were presented to the children in small cups, having a volume of 20 ml, at the lower end of the board. The children were addressed as 'taste detectives' and told that some cups on the board would contain pure water and others would taste differently and that they had to find the deviant cups. An additional cup, containing distilled water, was given to the children and the experimenter advised the children to compare each test solution on the board with this cup. If the test solution from the board tasted like the water in the cup, they had to place it on a water drop on the upper left of the board. If they found a difference in taste, they had to place the test solution on a water drop with a large red cross on the upper right of the board. Between the taste modalities, the children neutralised their taste with distilled water. The whole test procedure lasted a maximum of 15 min. Five concentration steps for each tastant were chosen. Concentration ranges of the tastants and order of assessment were as follows: sucrose (8.8-46.7 mmol l
À1
), sodium chloride (3.4-27.4 mmol l À1 ), caffeine (0.26-
mmol l
À1
) and monosodium glutamate (MSG) (0.6-9.5 mmol l À1 ).
Taste preference tests
All taste preference tests were arranged as forced choice, paired preference tests and conducted on a small board ( Figure 2 ). A pair of samples was placed in the circles at the lower end of the board. The children had to choose their preferred sample from this pair and place it on the 'smiley' at the top of the board. All survey centres administered the liquid samples at 18 ± 2 1C in small cups (20 ml). Between each sequence, the children rinsed their mouths with water.
Apple juice was chosen as the sample for the sweet and flavour taste preference. In each test sequence, the children had to choose their preferred juice from one pair. Each pair consisted of a reference juice and a modification of it. The reference sample was always a clear, natural apple juice with an addition of 0.53% sucrose. For the evaluation of sweet IDEFICS study: sensory perception K Knof et al preference, the amount of sucrose was increased to 3.11%. For the evaluation of flavour preferences, 0.05% apple flavour (nature identical, Sensient Flavors, Bremen, Germany) was added to the basic recipe. The samples containing a volume of 30 ml were presented in small cups. The order of assessment was sweet followed by flavour. For the evaluation of taste preferences for the salty, fatty and umami tastes (this is the taste for MSG), crackers were selected as the food sample. They were heart-shaped and coated with 0.5% aqueous solution of soda lye (Carl Roth Chemicals, Karlsruhe, Germany) to make them more attractive to the children. To ensure consistent texture among all crackers, it was necessary to add an emulsifying agent to the MSG and to the recipe with a high salt content. All crackers were prepared in an industrial baking oven. Baking conditions were 2 min at 300 1C, followed by 5 min at 200 1C.
For the crackers with a high fat content, the main baking time was extended to 5 min and 30 s to ensure a consistent colour of all crackers. In each sequence, the children had to choose their preferred food sample between the basic recipe and a modified one. The order of assessment was fat, salt, followed by umami. An overview of the recipes is shown in Table 1 .
General test conditions
For test implementation, the children's parents had to sign a consent form before taking the tests. This consent included a description of the study, its aims, as well as questions about any known MSG sensitivity. In addition, information sheets were displayed in the nursery schools. Children with known MSG sensitivity 15 were excluded from the tests. The experimenters involved used neither fragrances nor hand cream, nor had they previously consumed coffee or chewed gum. To ensure consistent test procedures, the experimenters at all survey centres were trained. They asked no suggestive questions nor did they force the children to make a decision. If children could or would not make a choice, no result was recorded. It was ensured that participating children were neither hungry nor sated. Children had their last meal 1 h before. All tests were conducted in bright, friendly and colourful rooms. It was ensured that there were no unwanted odours, such as strong smells of food or disinfectants. The rooms were free of sources of distraction.
Standardisation for performance at the European level Test solutions for threshold testing were prepared with deionised water. The tastants for the test solutions were centrally purchased, weighed in and packed. Each package contained exactly the amount needed to prepare a stock solution for the corresponding basic taste quality. Caffeine (caffeine anhydrous, Carl Roth Chemicals) was of analytical grade, MSG (Merck KGaA, Darmstadt, Germany), sucrose (Nordzucker, Braunschweig, Germany) and sodium chloride (Merck KGaA) were all of food grade and free of anticaking agents. Plastic pipettes (25 ml) and small cups (30 ml) were purchased centrally and shipped to the survey centres in sterile packaging. Each pipette was used only once and then discarded. Crackers for fat, salt and umami preferences were baked, packed and sealed in plastic bags centrally and then shipped to all IDEFICS survey centres. Shelf life was 3 months. The different juice recipes were prepared centrally and filled in sterile 200 ml Tetrapacks (Tetra Pak GmbH & Co. KG, Hochheim/Main, Germany). Shelf life for the juices was 1 year.
Ethical approval
Before the start of the study in each country, the participating centres obtained ethical approval from their responsible authority. All participating children and their parents provided oral and/or written informed consent for all IDEFICS study: sensory perception K Knof et al examinations and/or for the collection of samples, as well as for subsequent analysis and storage of personal data and collected samples.
Test-retest reliability
To assess test-retest reliability, the preference and threshold tests were conducted on two consecutive mornings under identical conditions and partially with different experimenters. For threshold testing, it was noted whether the threshold levels measured on the second day were lower than, higher than or exactly matched the threshold values measured on the previous day. For the preference tests, it was noted whether the children's choice from the consecutive session matched the answer from the previous session.
Test-retest reliability was determined by comparing the scores from the consecutive sessions. To assess intra-rater reliability of the developed methods, Cohen's kappa (k) coefficients were calculated between the different sessions. For both calculations, PASW (Version 18) from SPSS Inc. (Chicago, IL, USA) was used.
Results
Participation and test performance
In general, the children were eager to participate in the preference and thresholds tests and worked in a concentrated manner throughout the whole duration of the test, which did not exceed 15 min. Only a small number of less than 3% of the participating children rejected the tests in general. These were almost all young children aged 3 years who behaved very shyly and reluctantly. Some of the children were deterred by the taste of MSG in high concentrations within the threshold testing, but completed the test procedure. As the threshold tests were conducted as a small game, the children hardly noticed that they were taking part in a test.
Test design
The number of test solutions and the range of concentrations appeared to be adequate for working with children in the age group between 6 and 10 years. The number of nontasters, that is, children who did not reach their detection threshold at the highest concentration provided for each taste modality, was 3.1% for the detection of sucrose, 4.8% for the detection of sodium chloride, 5.1% for detection of MSG and 21% for the detection of caffeine.
Test-retest reliability
The analysis of test-retest results for threshold testing shows that deviations between the first and second session are about one concentration step (Table 2 ). Cohen's kappa correlation (Table 3) between the sessions shows, according to Landis and Koch, 16 a strength of agreement that is rated to be 'almost perfect' for the detection of sucrose. For the detection of sodium chloride, caffeine and MSG, the strength of agreement is rated to be 'substantial'. 
16
Abbreviation: MSG, monosodium glutamate. The difference between the sessions is expressed in the number of deviant concentration steps. Table 3 Threshold testing test-retest correlations (weighted Cohen's kappa) between the first and second session including the number of participating children According to Landis and Koch, the degree of stability between the sessions for preference testing is rated to be 'substantial' for sweet, flavour, fatty and umami tastes. For the salty taste preference, the strength of agreement is 'almost perfect' (Table 4) .
Discussion
This study shows that it is possible to investigate taste sensitivity and taste preferences in young children at the European level, provided that the framework of the procedures applied is adapted to this scenario. First of all, sensory testing with children is different compared with working with adults. Adequate methods, which are adapted to working with young children, must be applied. One of the main challenges was to attract children to participate in the testing procedure and finally to maintain their motivation throughout the whole test duration. Our experience shows that conducting the test as a small board game and introducing it to children with a small story, and thus providing the possibility for direct interaction, is crucial for achieving good and reliable results. This is reflected in the negligible number of children who rejected the test in general, whereas participating children worked enthusiastically. An additional advantage was that the children hardly noticed the fact that they were taking part in a test, which prevented them from cheating to obtain better results. We decided to measure the detection threshold as a measure of taste sensitivity in order to minimise reliance on cognitive resources. Simple 'yes-no' procedures are unsuitable when working with young children. 3, 17 We therefore added an element of the two-alternative forced choice procedure 14, 18 in the way that the children had to compare each test solution with a blank of demineralised water.
In an early stage of developing the testing procedure, we recognised that thresholds for children in this age group are a magnitude above those reported for adults and confirmed in literature. [19] [20] [21] The taste apparatus, especially the innervation of taste papillae, is not as developed and functional as it is in adults. 22 Thus, the range of concentrations we applied was adapted to this.
To assess taste preferences, we decided to apply paired preference tests. There are only a couple of studies that compare different hedonic methods in terms of discrimination, repeatability and validity of methods for sensory evaluation in children. 4, 11, 23 Preference ranking, paired comparison and hedonic scaling with 2-to 10-year-old children were tested by Kimmel. 4 The high strength of agreement for the developed preference testing procedure indicates that it is appropriate for application on children. This coincides with the findings of Kimmel, 4 who found that children over the age of 2 years were able to perform paired preference tests reliably. The fact that no child refused to participate in the preference test also indicates that using a cracker as reference food was a good choice.
We found that the experimenter's behaviour is of primary importance for sensory testing with children. It is evident that children of this age are easily led by adults. They tend to repeat adults' statements and respond affirmatively to positively phrased questions. 3 We therefore concluded that it is necessary to train the experimenters previously in terms of the vocabulary they use, the way they phrase questions and their gestures.
Cohen's kappa coefficient shows a high degree of stability for the detection of sucrose, sodium chloride and MSG between the consecutive sessions, whereas correlations for caffeine detection are satisfactory. This cannot be blamed on an insufficient method. Furthermore, this may possibly be due to the complex pathways for the bitter taste transduction and thus the perception of this taste modality. 24, 25 On the one hand, deviations in the case of decreasing threshold concentrations could possibly be explained by learning effects, as the retests were conducted on a consecutive morning. On the other hand, increasing thresholds may be due to a drop in test performance. During the subsequent session, the children became less motivated and more distracted.
European level
Using demineralised water for the preparation of test solutions for threshold testing excludes possible influences arising from different qualities of tap water in the participating countries as a result of additives such as chloride. The tastants, centrally purchased and shipped to the survey centres, also ensure the consistent quality of test solutions for threshold testing. We concluded that it is necessary to train the experimenters in working with laboratory equipment in order to ensure the consistent preparation of test solutions.
appropriate ethics committee was obtained by the centres carrying out the fieldwork. Participating children did not undergo any study procedure before both they and their parents gave their consent for examinations, collection of samples, subsequent analysis and storage of personal data and collected samples. The children and their parents could consent to single components of the study while refraining from others.
